An attempt was made to determine the effect of eggs irradiation by low dose gamma radiation upon body weight (BW), body weight gain (BWG), feed consumption (FC) and feed conversion ratio (FCR) of
INTRODUCTION
Radiation is injurious to living beings, and any dose of ionizing radiation has been believed to be detrimental, even in extremely low doses. However, in literature, there are many results which have shown that low dose radiation can stimulate many physiological processes of living organisms. This includes, for example, stimulation of growth rate (Luckey, 1982) , activation of immune function (Kojima et al., 2000) , suppression of reactive oxygen species-related diseases (Kojima et al., 2000a) , resistance to high dose irradiation (Yonezawa et al., 1990) , and prolongation of life span (Caratero et al., 1998) . The effects of irradiation of hatching eggs with x-ray or gamma ray on hatchability and performance of the chickens, have intrigued scientists since the early days of poultry industry. So, Essenberg (1935) irradiated hatching eggs, incubated for 19-243 hours, with x-ray doses varying from 0.3 to 6 Gy. Small doses (<0.8 Gy) accelerated the embryonic development process and doses above 0.8 Gy retarded the developmental process. Bless and Romanoff (1943) found that a moderate dose has a stimulating effect on the early embryonic development (earlier hatch). The uniformity in the development of the exposed embryos however was less than that in the unexposed embryos. Simon (1984) had a commercialized x-ray system to irradiate hatching-eggs (dose about 0.20 Gy) with the following effects: shortened incubation time (1-2 days), about 8% more chicks, a 4% lower mortality during rearing, and increased body weight 30-60 g after six week rearing. Zakaria (1991) investigated the effect of doses of 0.05 to 2.1 Gy gamma irradiation before incubation on hatchability and body weight of hatched broiler chickens under large-scale commercial condition, and found that gamma irradiation by doses of 0.05 to 1.6 Gy before incubation did not affect embryo development, whereas a dose of 2.1 Gy was harmful. Gerrits and Dijk (1992) irradiated broiler hatching eggs with low x-ray doses (0.04-0.17 Gy) in accordance with conditions determined by Simon (1984) , and found no significant improvement on hatchability or performance of the chickens. Since literature results on effects of low doses of ionizing radiation upon growth and body weight of chickens are contradictory, in this paper we wanted to investigate the effect of a dose of 0.15 Gy of gamma radiation upon body weight (BW), body weight gain (BWG), feed consumption (FC) and feed conversion ratio (FCR which was calculated as FC/BW) in chickens hatched from eggs irradiated before incubation. Besides, we also investigated the effects of low dose gamma radiation upon aspartate aminotransferase (AST; EC 2.6.1.1), alanine aminotransferase (ALT; EC 2.6.1.2), alkaline phosphatase (ALP: EC 3.1.3.1) and acid phosphatase (ACP; EC 3.1.3.2) in blood plasma of those chickens. Namely, it is a well known fact that aminotransferases and phosphatases are very important for the increase in body weight of all mammals and birds. Aminotransferases play an important role in protein metabolism because they catalyse the transfer of an amino group from amino acid to a keto acid (Coles, 1980; Guyton and Hall, 2006) . Phosphatases, however, might be involved in the calcification of bones, because they act either as hydrolases in which case inorganic phosphate is liberated, or as phosphotransferases which transfer the liberated phosphate radical directly to an acceptor molecule such as sugar (Wilkinson, 1976) .
MATERIALS AND METHODS

Animals
The experiments were performed on hybrid chickens of heavy Gent breed (line Cobb 500) of both sexes. The chickens were hatched from eggs irradiated before incubation (experimental group). Along with experimental chickens, there was a control group of chickens which were hatched from non-irradiated eggs. The chickens were kept in wire-cages and feed with a commercial mash produced by Poljoprerada d.d., Zagreb, Croatia, which, as well as water, was given ad libitum. Throughout the experimental period the temperature and relative humidity were recorded in the hen house and their values were adjusted to optimal limits for chickens of this age. The microclimate was appropriate, since the concentrations of CO 2 and NH 3 did not exceed 0.20% and 0.003%, respectively.
Irradiation and dosimetry
The eggs (n=600) were irradiated before incubation by a dose of 0.15 Gy gamma radiation from panoramic 60 Co source (activity about 3 PBq) at the Ru|er Bo{kovi} Institute (Zagreb, Croatia). The dose rate was about 23.84 mGy/s, and a source axis-to-egg axis distance was 3.06 m. Dosimetric measurements were performed with an ionization chamber type 2581 and a Farmer Dosimeter type 2570 (NE Technology Limited). Dose is specified as absorbed dose to water (measured in free air) (Miljani} et al., 1994; Miljani} and Ranogajec-Komor, 1996) .
Incubation
Irradiated and non-irradiated eggs were set in the commercial incubator Victoria (Pavia, Italy), capacity 22100 eggs for 19 days. Incubators had automatic controls of temperature (37.6 o C), humidity (48 % relative humidity), and an incubation rack turning each hour. Incubators were regularly checked for temperature, humidity, and incubation rack turning. On the 19 th day of incubation the eggs were transferred to hatching trays located in the same incubator.
Body weight and growth BW of chickens (n=60) was measured by a single weighing of chickens on the 1 st and 42 nd day of fattening. Twelve hours before weighing, the chickens were refused food and measuring was performed at the same time. An average increase of body weight (BWG) was calculated from the obtained results during the whole fattening period (from the 1 st until the 42 nd day). FC was measured each day during the fattening period and total feed consumption was calculated. On the basis of FC and BWG, FCR was calculated (FC/BWG). During the experiment, three chickens died, so that the final feed consumption per chicken was corrected for the amount of feed consumed by those chickens.
Samples
Blood samples were drawn from the right jugular vein on the 1 st and 3 rd day, or from the wing vein on 5, 7, 10, 20, 30 and 42 days of fattening. During each drawing of blood, each blood sample included 7 animals which were picked out at random. The blood was heparinized and the cells were separated from plasma by contrifugation at 2,000 x g.
Enzymatic assays
The dynamics of activity changes of AST, ALT, ALP and ACP in blood plasma was investigated using reagents according to recommendation of International Federation of Clinical Chemistry and Laboratory Medicine (IFCC). The activities were measured on the Olympus AU600 spectrophotometer (Tokyo, Japan). The temperature of the reaction was kept at 25 o C using a water bath.
Statistical analysis
Results of enzyme activities in the blood plasma were expressed as mean and standard error of mean (SE), and were statistically analysed in STATISTICA (STATSOFT, 2005) using Student's t-test whereas P value <0.05 was selected to indicate significance.
RESULTS
The results of BW, BWG, FC and FCR of chickens which were hatched from eggs irradiated with 0.15 Gy gamma rays before incubation are presented in Table  1 .
An average BW of chickens after hatching did not significantly differ in the experimental and control group of chickens. At the end of fattening period, i.e. after 42 days, BW of chickens in experimental group was 90 g (i.e. 4.8%) higher than in the control group. This difference was statistically significant (P<0.05). In the period from 1 up to 42 days of the experiment, BWG in experimental group of chickens occurred to be for 4.97% higher than in the control group; in the experimetal group it was 1939.12±267.63 g whereas in the control group it turned to be 1847.33±169.48 g. The difference is also statistically significant at the level of reliability of 0.05. FCR in the experimental period was not statistically different between the investigated groups; in the experimetal group of chickens it was 2.07 kg, whereas in the control group it was 1.96 kg. The results of AST and ALT activity in the blood plasma of chickens which were hatched from eggs irradiated with 0.15 Gy gamma rays before incubation are presented in Figure 1 .
AST activity was significantly increased in the blood plasma of chickens hatched from irradiated eggs on days 3 and 10 (P<0.05). ALT activity in the blood plasma of the same chickens was increased on day 10 (P<0.05).
The results of ACP and ALP activity in the blood plasma of chickens which were hatched from eggs irradiated with 0.15 mGy gamma rays before incubation are presented in Figure 2 .
ALP activity was significantly decreased in the blood plasma of chickens hatched from irradiated eggs on day 42 (P<0.001) and ACP activity in the blood plasma of the same chickens was increased on day 42 (P<0.001). 
DISCUSSION
Obtained results indicate that BWG in chickens hatched from eggs irradiated by a dose of 0.15 Gy gamma radiation before incubation was higher during the fattening period than it was in the chickens hatched fron non-irradiated eggs. As a result of a higher BWG, BW turned to be also higher in the experimental group at the end of fattening period. At the same time, the FCR did not significantly differ between the experimental and control group. The results also indicate that irradiation of eggs of commercial broiler chickens with a dose of 0.15 Gy gamma radiation before incubation causes the increase of AST, ALT and ACP activity, as well as a decrease of ALP activity in blood plasma of chickens hatched from irradiated eggs. It is obvious that gamma irradiation of eggs before incubation with a dose of 0.15 Gy has an effect upon the metabolism of chickens hatched from irradiated eggs, which is proved by an increase of activity of most investigated enzymes and by a higher increase of BW of chickens at the end of the fattening period.
The increase of AST, ALT and ACP activity in the blood plasma of chickens hatched from irradiated eggs could be explained by the stimulating effect of low dose gamma radiation upon enzyme synthesis or upon higher cell proliferation. This hypothesis is based on the well known fact that increased enzyme activity in blood plasma, especially if the cells of different tissues are not damaged, depends on: (a) the extent of enzyme synthesis, (b) speed of cell proliferation, and (c) declaration of clearance from blood plasma (Zilva et al., 1992) . The results of Watanabe et al. (2002) are in favour of the hypothesis that, in this case, cell proliferation could possibly occur. Namely, investigating the activity of extracellulary regulated kinases ½ (ERK1/2) and activity p53 protein in normal human diploid cells after irradiation of low dose 2-5 cGy x-radiation, the above mentioned authors showed that such doses stimulate proliferation of normal human diploid cells.
It is more difficult to explain the statistically significant decreases of ALP activity on the 42 nd day of life, i.e. at the end of the fattening period. The fact is that ALP is widely distributed in the body, and is found in high concentrations in the bone tissue (in the osteoblasts), intestinal mucosa, renal tubule cells and liver. Each of these tissues has a distinctly different isoenzyme of ALP (Coles, 1980) . In our investigations, we studied the activity of total ALP in blood plasma of chickens and we did not determine the activity of any of the isoenzymes. On the other side it is known that intensive growth of broiler chickens occurs between 35 and 42 days. In this study we found that growth of chickens hatched from irradiated eggs is enhanced and we suppose that it is due to their more intensive metabolism. This is supported by enhanced activity of AST and ALT in blood plasma of those chickens, because they participate in protein metabolism. That is why both, the growth of chickens hatched from irradiated eggs and consequently the bone growth of those chickens, ended earlier than the growth of chickens hatched from nonirradiated eggs. Therefore, there is a lower activity of ALP in blood plasma of chickens hatched from irradiated eggs on the 42 nd day of life.
Our results mostly agree with the results obtained by Todorov and Drijanovski (1984) . Investigating the effects of low doses of gamma radiation on the activity of AST, ALT, ALP, ACP, lactate dehydrogenase (LDH) and activity of isoenzyme LDH in blood plasma of turkeys and pheasants hatched from eggs irradiated by a dose of 0.15 Gy gamma radiation before incubation, those authors found out that all investigated enzymes were increased. The only difference between their and our results is that in their investigation they found that the ALP activity in the blood plasma of turkeys and pheasants hatched from irradiated eggs was increased, whereas in our experiments it was decreased. We suppose that this is due to different birds we use in our experiments.
In conclusion, irradiation of commercial broiler eggs before incubation with a dose of 0.15 Gy gamma radiation has a stimulative effect upon the metabolism of chickens hatched from those eggs, which is proved by increase of BWG and BW, as well as by an increase of AST, ALT and ACP activities in blood plasma.
